Water-use efficiency (WUE) differences of selected maize varieties under alternate and every furrow irrigation were investigated in a split-plot design trials with three replicates. Alternate furrow (AFI) and Every furrow irrigation (EFI) were main treatments and twenty maize varieties were sub-treatments. Plots were 64 m 2 with one maize seed per station spaced at 0.25m apart. Crop water use results indicated that EFI consumed more water than the AFI. The AFI reduced crop water consumption by 38 -45% compared to EFI. Differences were also prominent in maize varieties" response to AFI. Late maturing maize varieties proved to have minor yield reduction with AFI compared to early and medium maturing maize varieties. WUE (kg m -3 ) differed with irrigation water application strategy (P<0.001). AFI had high WUE. A combination of AFI with selection of water efficient maize varieties was a good strategy for improving WUE. The AFI is a promising furrow irrigation water management strategy for water saving. According to farmers experience at five irrigation schemes and on station research, it was concluded that AFI is one of the climate smart irrigation technique that farmer can easily adopt and apply as it saves labour, time water whilst reducing conflict for water among irrigators. It was recommended that AFI be applied fully on early and medium maturing maize varieties within an irrigation interval of 7 days. For late maturing maize varieties, AFI technique should be applied from initial stage to midstage (up 55 days from planting) then apply EFI at tasselling and silking stages to reduce water stress at this critical stage.
Introduction
Irrigating crop fields consumes about 70% of the freshwater globally (Kayikcioglu, 2012) . In developing countries, about 95% of the total water withdrawal is for agriculture with the demand projected to continue to increase (FAOWATER, 2008) . Maize is one of the staple food crops cultivated under irrigation in most developing countries especially in the sub Saharan region. Although maize crop is adapted to a wide range of climatic and edaphic conditions (Sharma and Dass, 2012; Jakhar et al., 2017) and has highest yield potential among cereals (Sharma and Dass, 2012; Kumari et al., 2017) , its cultivation during dry season depends on irrigation and residual moisture. During this season, water as one of the main factors of crop production is scarcely sourced from rivers or groundwater. Most irrigation schemes experience physical and economic water scarcity. This water shortage has resulted into increased cost of crop production or loss of crop yield among smallholder farmers globally (FAO, 2007) . On the other hand, high energy requirements for lifting irrigation water complicates and aggravates the issue of water scarcity into economic problems at both large and small-scale farm. This cause compelled studies of efficient water strategies to elucidate issues of water scarcity. Studies on deficit irrigation proved high water savings but with trade-offs of reduced yield and quality (Kang, 1999; Stewart, 1993) . A well-balanced optimisation of water is supposed to consider regulation of leaf transpiration and root behaviour (Jones et al. 1992; Dass et al., 2016; Kumari et al., 2016) . Alternating water application to furrows has proved to regulate the plants" stomata to respond to water deficits in the root-zone (Kang et al. 2000; Han and Kang, 2002) . Mitchell et al. (1992) defined alternate furrow irrigation (AFI) as an irrigation application strategy where the every -other furrow is shifted by one furrow during every irrigation so that all furrow are irrigated over the course of two irrigations. It can be a viable option for water saving as it allows the water to move laterally and across the bed to the non-irrigated furrow (subbing), reduces the surface area of moist soil, the area of soil evaporation and deep percolation (Singh et al., 2016) . Thus, AFI is beneficial for plants" survival and carbon uptake maximisation that later increases both yield and water conservation (Jones, 1980; Cowan et al., 1982) . Grain yield maximisation and efficient water use are the major agronomic and economic goals for sustainable irrigation management worldwide. Manageable deficit irrigation technologies that promote both yield and water conservation showed AFI is one of such sustainable irrigation management strategies. However, there no studies that generated information of water use efficiency (WUE) for different maize varieties under AFI. It was hypothesised that a combination of efficient maize variety and irrigation strategy would increasingly save water whilst optimising maize grain yield. Water productivity was reported to increase without reducing grain yield with AFI with less water application (Jones et al., 1992) . This paper discussed WUE of selected maize varieties under AFI and every furrow irrigation (EFI) strategies. It is based on the study that evaluated the application of AFI for maize production and productivity in Malawi.
Materials and Methods

Location and Establishment
The experiment was carried out at both on-Station and on-farm level from 2014 to 2016 winter cropping seasons. 
Experimental Design and Irrigation Management
On -Station Experiment
The experiments were laid-out in a split-plot design where two irrigation application strategies -1) Alternate furrow irrigation (AFI) and Every furrow irrigation (EFI) strategy were main-plot treatments and twenty maize varieties were sub-plot treatments. AFI meant that one of the two neighbouring furrows were alternatively irrigated during consecutive watering or every other furrow irrigation (Sepaskhan & Ghaseni, 2008) . EFI refers to the conventional way of furrow irrigation in Malawi where every furrow is irrigated at every irrigation, basing on the released technologies (Fandika et al., 2007) .
EFI received 30 -40 mm irrigation at every irrigation. AFI plots received half of the irrigation in EFI. Irrigation was applied through siphons to furrows and crop water use for irrigated treatments was determined by the soil water balance approach (Allen et.al. 1998) , whilst soil moisture measurements were taken by gravimetric methods. The actual water depth within each plot was monitored (at every irrigation) by using a number of siphons. The irrigation depth for a particular plot was determined as an average of the water depth in the siphon from each plot. The amount of water applied to each plot was totalled and recorded for water productivity assessment.
On -Farm Demonstrations (OFDs)
The OFDs used a Mother -Baby Approach to participatory re-evaluate seven maize varieties selected from the twenty maize varieties participatory evaluation at Kasinthula Agricultural Research Station. In order to understand the seven-maize response to AFI, farmers assessed them at two irrigation water management strategies,: (1) AFI and (2) EFI. In order to understand AFI performance to nitrogen management, AFI was assessed under different nitrogen management in comparison with other irrigation water management strategies.
Plot size and Crop Management
Each plot consisted of 10 rows of 10 m long spaced at 0.75m apart and maize was planted at a spacing of 0.25m apart with one seed per planting station for onstation plots. At On-Farm plots were 5 rows of 10 m long.. Early maturing maize varieties (SC 403, DKC 8033, ZM, 523 PHB 30G79, MRI 514 and DKC 8181), medium maturing maize varieties (SC 537, PAN 53, MH 30, PHB 30G19, DKC 90-53, SC 627, MRI 614 and P2589W) and late maturing crops (SC 719, PAN4M19, MH 31, DKC 90-89, ZM 721 and PAN4M21) were planted for the trials. Fertilizer was applied at 140kgN ha -1 with 60kgN ha -1 at planting followed by 80 KgN ha -1 after 21 days from planting. The basal dressing fertilizer of 23:21:0 +4S was applied at a uniform rate of 45KgP ha -1 and 60 KgN ha -1 , respectively. All other crop husbandries were carried out accordingly.
Crop Water Use and Water Use Efficiency
A soil water balance method was used to determine the soil moisture deficit (SMD) on a daily basis during the growth of the crops (Premrov et al., 2010) . The potential evapotranspiration (ETp) in the soil water balance was determined from evaporation pan (Allen et al., 1998) . The crop coefficient factors used in the crop water use computation were for maize as provided by Allen et al. (1998) . The daily weather data, for running the soil water balance model, were collected daily from Kasinthula Research Station in Chikwawa, Malawi. The actual crop evapotranspiration (ET c ) was determined using equation 1 (Allen et al. 1998) . Soil moisture change (∆S) was the difference between soil moisture content at the end and the start of the field experiment as measured using gravimetric method. Drainage and surface runoff (R o ) was ignored as the water was under control in the dry season. ETc was referred to as consumption water use (CWU) according to Hoekstra et al. (2009) .
Water Use Efficiency (WUE) was determined as the total grain yield (kg ha -1 ), per unit of water used (m 3 ha -1 ). The economic water productivity index (MK/m 3 ) was assessed as the overall present value of each crop"s marketable produce (in MK) divided by the volume of water (m 3 ) consumed by the plant (Barker et al., 2003; Molden et al., 2001) .
Data and Statistical Analysis
The data on maize grain yield (kg ha -1 ), water use efficiency and economic water productivity, were analysed with the ANOVA procedure of Genstat statistical package (18 th Edition) in 2014 to 2016 the differences amongst treatment means were compared with the LSD, at the 5% probability level (Meier, 2006) .
Results & Discussion
Daily and Cumulative Water Consumption (mm) in Maize
The winter growing season length for maize in dry season ranged from 110 -126 days with an average potential water requirement of 555 mm, 580 mm and 521 mm, respectively (Tables 1 -2 ). The mean daily ET c for this study period averaged 5.1 mm d -1 with a minimum ET c of 1.2 -2.6 mm d -1 and maximum ET c of 7.6 mm d -1 experienced in the month of July and September, respectively (Fig. 1) . The potential water consumption in this study was greater than an average of 423 mm for winter maize in China where daily ET c averaged 3 -4 mm d -1 between May and June (Kang, 2000) . This study indicates that EFI consumed more water (586 -588 mm) than the alternate and fixed furrow irrigation (317 -321 mm) (Table 1 -8, Fig. 2 ). AFI reduced crop water consumption by 38 -45% as reported by Kang et.al. (2000) compared to EFI which was within average potential water consumption. The high daily water use from our study sites are due to high daily ET c compared to China, whereas the high actual water use in conversional irrigation is due to its usual goal of meeting the potential water use. The low water use in AFI was also due to their usual goal of optimising water use. The consumption water uses results suggest that where water is scarcer, AFI can be used to save water. 
Crop Water use for Selected Maize Varieties under AFI and EFI
Maize varieties differ both in terms of their daily water needs and the duration of their total growing period. In this study, consumptive water use (m 3 ha -1 ) was greatest in late maturing maize varieties and lowest in early maturing maize varieties", whilst medium maturing maize varieties were intermediate, despite variation within varieties (Table 1a -c). These results on crop water use indicate that maize variety, is also a main factor influencing irrigation water needs. Maize of different maturity differs in their relationship between their maximum water requirement and actual evapo-transpiration, thus crop coefficient (k c ) and maturity as their growth stages differ too. Every Furrow irrigation strategy achieved 107%, 100% and 94% of the potential water needs for early, medium and late maturing maize varieties, respectively. AFI strategy was approximately 62, 64 and 63% of potential water needs for early, medium and late maturing maize varieties, respectively. In 2014, crop water use averaged 1,733 m 3 ha -1 and 4,230 m 3 ha -1 under AFI and EFI, respectively (Table 1 and Table 6 ). The average maize water uses in 2015 -2016 was categorised according to maize variety durationshort duration varieties used 4,394 m 3 ha -1 and 4,469 m 3 ha -1 under EFI and 2,495 m 3 ha -1 and 2,616 m 3 ha -1 under AFI strategy, respectively. The medium maturing maize varieties used 5,439 m 3 ha -1 and 5,174 m 3 ha -1 of water under EFI whilst AFI used 3,327 m 3 ha -1 and 3,302 m 3 ha -1 in 2015 and 2016 , respectively. The late maturing maize varieties used 6,087 m 3 ha -1 and 5,507 m 3 ha -1 of water under EFI whilst AFI used 4,024 m 3 ha -1 and 3,739 m 3 ha -1 in 2015 and 2016, respectively. The AFI reduced water use by 59% in 2014, 41 -43% among short duration maize varieties, 36 -54% among medium duration maize varieties and 32 -34% among late duration maize varieties in 2015 and 2016, respectively. This reduction in water use indicates significant water saving by using AFI strategy. Table 2 indicates that there were significant differences between EFI and AFI irrigated maize varieties on average grain yield (P<0.001) and water use efficiency (P<0.001). However, there was no significant differences on NUE between EFI and AFI irrigated maize varieties. The maize varieties under EFI had increased grain yield by 16.9%. Nevertheless, WUE increased with AFI strategy. Maize varieties strongly influenced grain yield (P<0.001), WUE (P<0.001) and NUE (P<0.001). The highest grain yield, WUE and NUE was found in PHB30G19-6 whilst SC403 had the least grain yield in 2014. The Drought Intensity Index (DII) was 0.15, thus more than 0.07 cut -off point for water stress. The percentage of yield reduction with water stress caused by AFI strategy in 2014 averaged 14%. The yield reduction with water stress was highest in DKC8053 and least in DKC9089 as show in fig. 2 . Figure 2 . Percentage of yield reduction with water stress in commercial maize varieties Table 3 -5 pointed out that there were no significant differences between EFI and AFI irrigated short and medium duration maize varieties on average grain yield (P>0.001), on the other hand, the EFI and AFI strategies significantly differed in grain yields among the late maturing maize varieties in 2015 (P<0.001). The late maturing maize varieties under EFI had higher grain yields (7,774 kg ha -1 ) than those under AFI (6,264kg ha -1 ). Early maturing maize varieties did not differ in grain yields (P>0.05), however, medium and late maturing maize varieties differed among themselves in response to irrigation strategies in 2015. PAN 53 had highest grain yields under both EFI (8,155 kgha -1 ) and AFI strategies (7,382 kgha -1 ) among medium maturing maize varieties but not significantly different to DKC 9053 (7,138 kg ha -1 ) under EFI and DKC 8053 under AFI (6,004kg ha -1 ).
The 2015 results suggested that AFI strategy is more suitable to early and medium maturing maize varieties but not to late maturing varieties. The possible reason for this is that late maturing varieties required more water than early and medium maturing maize varieties as a result their response to water stress was greater than the other two groups. However, the 2015 findings differed with 2016 results as significant difference between both irrigation strategies and maize varieties among the medium and late maturing categories (P<0.001) were determinedbut not among early maturing varieties (P>0.05). The likely cause for this difference might be weather variability that might contribute to differences in crop water use. The 2016 results also showed that maize grain yields were higher under EFI than under AFI strategies. Rows with similar capital letters are not significantly different.
Water use efficiency and Economic water productivity (EWP) were significantly different between maize under AFI and EFI in both 2015 and 2016 (P<0.001) except among short duration maize varieties where irrigation and varieties had no significant impact on WUE and EWP in 2015 (P>0.05; Table 3 -5) . Despite increased grain yield by 16.9% with EFI, WUE increased with AFI strategy. Overall , on station results suggested that AFI strategy does save water without significantly affecting maize grain yield among early and medium maturing maize varieties but with significant effect on late maturing maize grain yields. Rows with similar capital letters are not significantly different. Rows with similar capital letters are not significantly different.
Maize Grain Yield and WUE for Selected Maize Varieties at On-farm
There were significant differences in maize grain yield between the irrigation strategies (P<0.05) and varieties (P<0.001) at Nanzolo irrigation scheme in 2015 (Table 6) . Alternate furrow irrigated maize had lower yields compared to every furrow irrigated maize. SC719 had highest yields but there were not significantly different between AFI and EFI strategies. Maize grain yields did not differ between irrigation strategies and varieties at Bwanje, Chitsukwa irrigation scheme in 2015 (P>0.05). At Mpitilira irrigation scheme, differences were only observed between maize varieties but not between AFI and EFI. SC719 had the highest grain yield at EFI but not significantly different to yields at AFI (P>0.05). PHB30G19-6 followed by SC627 had high yield and WUE with the least in SC403 in 2014. SC719 and DKC9053 had high grain yield at On-Farm under AFI. Most varieties with high yield had less per cent reduction. Some late maize maturing varieties were much better under AFI despite long duration (Table 6 ). 
Conclusion and Recommendation
This study acknowledges that application of alternate furrow irrigation strategy save water without affecting maize grain yield. Only late maturing maize varieties proved to have minor yield reduction with AFI in 2015 and 2016. These results were in line with our null hypothesis "AFI strategy improves WUE without greatly reducing maize grain yield." This proves that the conventional way of furrow irrigation, EFI used by small scale farmers uses water luxuriously and that does not increase yield but increases water pumping costs and environmental degradation. On the other hand, late maturing results (2015 and 2016) partially challenged our hypothesis by indicating that water needs of maize may not be met by AFI because it imposes greater water stress that decreases maize grain yields. A larger part of the study concluded that AFI is a promising furrow irrigation water management strategy for reducing water use in irrigation schemes in Malawi. The one-year contradiction has been clarified by categorising maize varieties according to their maturing period.
For these reasons AFI technique was recommended to smallholder farmers on the following condition -that AFI is applied fully on early and medium maturing varieties within 7 -days irrigation interval. For late maturing maize varieties, alternate furrow irrigation technique should be applied from initial stage to mid -stage (up 55 days from planting) then apply every furrow irrigation at tasseling and silking stages to reduce water stress at this critical stage.
